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Outline of the Lecture

> Design Verification of Selected Keys

> Comments on All Shaft Subassembly
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Viewing the Reduction Gear Unit for Load Analysis and Shaft Design Verification (Recapitulation) :
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Fig. 1: Plan View (xz Plane) of the Gear unit in N
Earlier Lectures (Ref: Slide 9, lecture-23) Input
(cw) . b
Fig.- 2 : Plan View of the Reduction Gear unit
ALL DIMENSIONS ARE IN MM (Only subassemblies of three shafts)

EXCEPT OTHERWISE MENTIONED

in xz plane- the plane of slide
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Verification of the strength of the selected keys :

KEY
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Output Shaft Sub Assembly

For all shafts the chosen keys are standard rectangular keys. All key /ZJ
ways are cut by end mill key slot cutter.

Keys are made of low to medium carbon steel (C30 — an example).

It is made weaker than shaft and mating parts material.

ALL DIMENSIONS ARE IN MM
EXCEPT OTHERWISE MENTIONED
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Verification of the strength of the selected keys :

Note the Gap
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Output Shaft Sub Assembly

Nax?
N

Keyway is milled by ‘End mill cutter’ (Specially made for key slot
cutting). However, at the free end ‘Side and face cutter’ can be used.
For gear (or say coupling )hub slotting is done to generate key ways.
(For spline broaching is used.)

ALL DIMENSIONS ARE IN MM
EXCEPT OTHERWISE MENTIONED
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Failure of keys :

The keyways are made in such a way the half of the key height (h)
sits in shaft and other half in hub.

KEY
Therefore, in torque transmission the forces acting on a key are as S

follows: N
Half Portion inside hub

The net force due to torque

transmission:
F, =Torque/ Shaft radius
2T
d,
Half Portion inside shaft

ALL DIMENSIONS ARE IN MM
EXCEPT OTHERWISE MENTIONED
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Failure of keys (contd...) :
(i) Failure due to shear:

If the developed shear stress (7,) exceeds the
allowable shear strength (5, ) of the key material: KEY

Half Portion inside hub

Shear stress:

Half Portion inside shaft

F k
- 2 ALL DIMENSIONS ARE IN MM
(l - W) XW+ (72' xw™/ 4) EXCEPT OTHERWISE MENTIONED

Tk

CERTIFICATION COURSES
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Failure of keys (contd...) :
(ii) Failure due to crushing:

If the developed crushing stress (o, ) exceeds the
allowable crushing strength (S, ) of the key material:

Half Portion inside hub

Crushing stress:
Fk Half Portion inside shaft

O =
ke (l — w) X (h / 2) ALL DIMENSIONS ARE IN MM
EXCEPT OTHERWISE MENTIONED
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Failure of keys (contd...) :
(iii) Bearing strength Failure :

If the developed bearing (surface contact) stress (0,.) exceeds the
allowable bearing strength (S,, ) of the key material:

Half Portion inside hub

Damaged surface

Bearing stress (pressure):
F, k

(l—w)x(h/2) ALL DIMENSIONS ARE IN MM
EXCEPT OTHERWISE MENTIONED

Half Portion inside shaft

O
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Dimensions of P

Radius- ry
Or, CHPryx45°
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For Shaft From 17 | 22 30 38 44 50 58

Diameter Up to 22 | 30 38 44 50 58 | 65

Key Cross Section Width 6 8 10 12 14 16 18
w 6 7 8 8 9 10 | 11
Height
h

Keyway depth Inshaft t, | 3.5 | 4 5 5 5.5 6 7

(nominal) In hub 28 (33 |33 3.3 3.8 43 | 44
t

Tolerances on Keyway t, +0.2

' t, +0.1 +0.2

Chamfer or radius at r, max 0.35 0.55

key edges r, min 0.25 0.40

Keyway corner radius | r,max 0.25 0.40

Length of Key | min 14 (18 | 22 28 36 45 | 50

| max 70 [ 90 | 110 [ 140 | 16wendioh8ARE R0
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Verification of the strength of the selected keys : (Output Shaft)

Key Size: 16x10x55 (for DIA 55)

Key Size: 12x8x60 (for DIA 40)

o

7. Let the key material be C30

| For which (Considering a factor of safety of 2
H and Shear strength is half of the Yeild

L Strength.)

B Allowable Shear Strength S, =50 MPa
Output Shaft Sub Assembly

Allowable Crushing strength S, =120 MPa

Allowable bearing strength (S,,,) is usually
higher than crushing strength.

ALL DIMENSIONS ARE IN MM
EXCEPT OTHERWISE MENTIONED
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Verification of the strength of the selected keys : (Output Shaft)

B Key Size: 16x10x55 (for DIA 55)
_— Key Size: 12x8x60 (for DIA 40)
iﬁ ‘ ij Key at Output End
/ IR
[ VS S S L 2x(30%24.42
Jﬂ | | F, S 024 ) N =36630 N
| |
A A< ‘
S vt RS F,
—— 7, = :
Output Shaft Sub Assembly Y=pspsr ey is)
- 36630
Allowable Shear Strength S, =50 MPa (0.060—0.012)x0.012 + (7 x0.012* / 4)
= 0030 _535,10° Pas=53.2MPa
6.9x10
It is slightly more than allowable Shear Strength . However, it is acceptable. ALL DIMENSIONS ARE IN MM

EXCEPT OTHERWISE MENTIONED
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Verification of the strength of the selected keys : (Output Shaft)

W
e Key Size: 16x10x55 (for p1A 55)
h
e~ ize: or -
SN ) SIS Key Size: 12x8x60 (for b1a 40) Key at Output End
01 ‘ 27 Crushing stress:
H F
iy Va
] 1) A—w)x(h/2)
CYng & 36630 36630

" (0.060—0.012)x(0.008/2)  1.92x10™
=190.8x10° Pas =190.8 MPa
Allowable Crushing strength S, =120 MPa It is higher than allowable Crushing Strength .

Output Shaft Sub Assembly

Therefore, the key material finally chosen C40 (Shaft C45 and pre machining heat treated):
Allowable Shear Strength S, =70 MPa Allowable Crushing strength S, =200 MPa

Similarly, all other keys are verified for their strengths. EXCEPT TR MISE MEATONED
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Comments on the Design before finalizing the design for complete drawing:

All pinions, gears and shafts are satisfactorily designed. However, the Output Shaft
material if finally taken as C45 and pre machining heat treated. Keys are made of C40.

For all shaft support bearings can be taken of lower size and or from lower series.

-~ 7% INPTEL ONLINE Prof. Rathindranath Maiti
Mechanical Engineering Department

| IIT KHARAGPUR CERTIFICATION COURSES



Thank You
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Design of a General Purpose
Industrial Helical Gear Reduction Unit- Part IV

Lecture-28

Development of Plan & Elevation
of Gear Reduction Unit- I
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Outline of the Lecture

> Design Verification of Selected Keys

> Comments on General Layout Developed so far

> Development of Plan and Elevation of the Reduction Gear Unit- I
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Dimensions of P

Radius- ry
Or, CHPryx45°
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> r | | N
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e |
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For Shaft From 17 | 22 30 38 44 50 58

Diameter Up to 22 | 30 38 44 50 58 | 65

Key Cross Section Width 6 8 10 12 14 16 18
w 6 7 8 8 9 10 | 11
Height
h

Keyway depth Inshaft t, | 3.5 | 4 5 5 5.5 6 7

(nominal) In hub 28 (33 |33 3.3 3.8 43 | 44
t

Tolerances on Keyway t, +0.2

' t, +0.1 +0.2

Chamfer or radius at r, max 0.35 0.55

key edges r, min 0.25 0.40

Keyway corner radius | r,max 0.25 0.40

Length of Key | min 14 (18 | 22 28 36 45 | 50

| max 70 [ 90 | 110 [ 140 | 16fwendioh8ARE R0
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Strength of Selected Parallel Keys (Round Ends) — Design Verification:

Input Shaft Key(S)
Input Shaft- Input End (®30 mm) : Parallel Round End Key — 8x7x45

Nominal Input Shaft Torque — 30 Nm
2x30

0.03

Considering severity of medium shock load a factor of Safety f =1.5
is considered in key strength calculation:

Therefore, forces on key: F, =1.5x F,,. =3000N

=2000N

Therefore, Nominal force on key: ka. =

and, developed stresses : Shear 7, =8.625MPa , Crushing o, =23.25MPa
Earlier decision : All Keys are made of C40

However for Input Shaft Key MS (C20) is taken. ALL DIMENSIONS ARE IN MM

EXCEPT OTHERWISE MENTIONED
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Strength of Selected Parallel Keys (Round Ends) — Design Verification (contd....) :

Intermediate Shaft Key(S)
Intermediate Shaft- 1st. Stage Gear Mounting (® 46.5 mm) :
Parallel Round End Key — 14x9x50

Nominal Torque at Intermediate Shaft — 30x(81/17)= 143 Nm

:M =6148N

“0.0465

Therefore, Nominal force on key:

Considering a factor of Safety f, =1.5

Therefore, forces on key: F, = 1.5x F,,=9222 N

and, developed stresses : Shear 7, =14 MPa , Crushing o, =57 MPa,

Also For Intermediate Shaft Key MS (C20) is taken. ALL DIMENSIONS ARE IN MM

EXCEPT OTHERWISE MENTIONED
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Verification of the strength of the selected keys : (Output Shaft)

B Key Size: 16x10x55 (for DIA 55)
—_— Key Size: 12x8x60 (for DI1A 40)
iﬁ ‘ ij Key at Output End
/ IR
Ly S L 2x(30x24.42
Jﬂ | Il F, = 2002442 36630 N
AN 7 " &
S v S F
I T = k
k 2
Output Shaft Sub Assembly Y=t Gy /o)
3 36630
(0.060—0.012)x0.012 + (7 x0.012% / 4)
= 0030 _535,10° Pas=53.2MPa
6.9x10
Multiplying by a factor of safety of 1.5 develpoed shear stress is 106.4 MPa. ALL DIMENSIONS ARE IN MM

EXCEPT OTHERWISE MENTIONED
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Verification of the strength of the selected keys : (Output Shaft)

W
e Key Size: 16x10x55 (for p1A 55)
h
e~ ize: or -
SN ) SIS Key Size: 12x8x60 (for b1a 40) Key at Output End
01 ‘ 27 Crushing stress:
H F
iy Va
] 1) A—w)x(h/2)
CYng & 36630 36630

" (0.060—0.012)x(0.008/2)  1.92x10™
=190.8x10° Pas =190.8 MPa
Allowable Crushing strength S, =120 MPa It is higher than allowable Crushing Strength .

Output Shaft Sub Assembly

Therefore, the key material finally chosen C40 (Shaft C45 and pre machining heat treated):
Allowable Shear Strength S, =70 MPa Allowable Crushing strength S, =200 MPa

Similarly, all other keys are verified for their strengths. EXCEPT TR MISE MEATIONED
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Comments on the Design before finalizing the design for complete drawing:

All pinions, gears and shafts are satisfactorily designed. However, the Output Shaft
material if finally taken as C45 and pre machining heat treated. Keys are made of C40.

For all shaft support bearings can be taken of lower size and or from lower series.

ALL DIMENSIONS ARE IN MM
EXCEPT OTHERWISE MENTIONED
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Development of Plan and Elevation of Assembled Gear Reduction Unit:
Milimeter Inches
Height Width Height Width
| AD 1189 841 16.8 33.1
6310 \ 6309 6306 A1 841 594 331 23.4
! A2 594 420 23.4 16.5
. A3 420 297 165 117
| 200 N ° A4 207 210 117 83
7N N9 0 i 0 A5 210 148 8.3 5.8
N\ | AG 148 105 5.8 21
] A7 105 74 4.1 2.9
AB 74 52 2.9 21

N
+4
+
LU,

| IIT KHARAGPUR

Plan View of the Reduction Gear unit

(Only subassembilies of three shafts)
(in the plane of slide)

NPTEL ONLINE

Standard Drawing Sheet Sizes

CERTIFICATION COURSES

Typical Drawing

O

Angle of Projection

Scale: 1:1,1:2,1:2.5,1:5,1:10

ALL DIMENSIONS ARE IN MM
EXCEPT OTHERWISE MENTIONED
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D

evelopment of Plan and Elevation of Assembled Gear Reduction Unit (Contd...) :

6209 W@fi\

P

Elevation

Side View

6310

)

A\
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Plan View

ALL DIMENSIONS ARE IN MM
EXCEPT OTHERWISE MENTIONED
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Development of Plan and Elevation of Assembled Gear Reduction Unit (Contd...) :

630

210

o
(

Elevation

| IIT KHARAGPUR
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‘ ‘ ALL DIMENSIONS ARE IN MM
Input Shaft|(Input End EXCEPT OTHERWISE MENTIONED
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Development of Plan and Elevation of Assembled Gear Reduction Unit (Contd...) :

630

210

ﬁ%

Elevation

ALL DIMENSIONS ARE IN MM

Output Shaft (Output End EXCEPT OTHERWISE MENTIONED
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Thank You

CERTIFICATION COURSES

ST ARAACOUR " /" NPTEL ONLINE Prof. Rathindranath Maiti

Mechanical Engineering Department
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Module-06

Design of a General Purpose
Industrial Helical Gear Reduction Unit- Part IV

Lecture-29

Development of Plan & Elevation
of Gear Reduction Unit- IT
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Outline of the Lecture

> Development of Plan and Elevation of the Reduction Gear Unit- II
> More details of Housing comprising:
> Machining of Housing- Essential Steps
> Bearing Housing,
> Bearing End Cover (Blind),
> Bearing End Covers- with Sealing, at Input and Output,

e ©'* NPTEL ONLINE Prof. Rathindranath Maiti

NS Q) FLEACAN COUIOES Mechanical Engineering Department



Development of Plan and Elevation of Assembled Gear Reduction Unit (Recapitulation) :

=

6310

THEANN 1189x841 e N N

Plan View

6209 6208 1189 Sheet (A0) Size 1 a0

Elevation Side View

Scale: 1:1 View : ALL DIMENSIONS ARE IN MM

EXCEPT OTHERWISE MENTIONED

CERTIFICATION COURSES
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Gear Reduction Unit (contd...):

Development of Plan and Elevation of Assembled

Process- Machining of Housing:

PLANING

/

MARKING & DRILL

N

BORING

/

Plan
‘ 630
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/A R o N -
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1 | 2
T BN
|| N /N
L : J ‘
N %ﬁ I M S ﬁl; / B
] Elevation

MARKING & DRILL

;- IIT KHARAGPUR

NPTEL ONLINE
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o~

CLEAN

\

TO STORE

ALL DIMENSIONS ARE IN MM

Scale:1:1 view: (D= EXCEPT OTHERWISE MENTIONED
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Development of Plan and Elevation of Assembled Gear Reduction Unit (contd...) :

4‘

e 1189

841

ALL DIMENSIONS ARE IN MM
Input Shaft (Input End EXCEPT OTHERWISE MENTIONED

| T KHARAGPUR (= P TEL ONLINE Prof. Rathindranath Maiti
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Development of Plan and Elevation of Assembled Gear Reduction Unit (contd...) :

.(/////,—————————————— Seal Width

Seal Outside Diameter

.. \)

Reinforcement Ring \

Garter Spring

Dust Lip I/D

Spring Groove

Sealing Element Sealing Edge

NPTEL ONLINE

! IIT KHARAGPUR | CERTIFICATION COURSES

Seal Sizes
42X68X8
42x72x8

22x35x7
24x37x7

Oil Seal
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Development of Plan and Elevation of Assembled Gear Reduction Unit (contd...) :

T
y

e 1189

U
Q)
=

841

ALL DIMENSIONS ARE IN MM
EXCEPT OTHERWISE MENTIONED
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Development of Plan and Elevation of Assembled Gear Reduction Unit (Recapitulation):
Milimeter Inches
Height Width Height Width
| AD 1189 841 16.8 33.1
6310 \ 6309 6306 A1 841 594 331 23.4
! A2 594 420 23.4 16.5
. A3 420 297 165 117
| 200 N ° A4 207 210 117 83
7N N9 0 i 0 A5 210 148 8.3 5.8
N\ | AG 148 105 5.8 21
] A7 105 74 4.1 2.9
AB 74 52 2.9 21

N
+4
+
LU,

| IIT KHARAGPUR

Plan View of the Reduction Gear unit

(Only subassembilies of three shafts)
(in the plane of slide)

NPTEL ONLINE

Standard Drawing Sheet Sizes

CERTIFICATION COURSES

Typical Drawing

O=®

Angle of Projection

Scale: 1:1,1:2,1:2.5,1:5,1:10

ALL DIMENSIONS ARE IN MM
EXCEPT OTHERWISE MENTIONED
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....... to be continued........

Thank You
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Design of a General Purpose
Industrial Helical Gear Reduction Unit- Part IV

Lecture-30

Development of Plan & Elevation
of Gear Reduction Unit- III
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Outline of the Lecture

> Development of Plan and Elevation of the Reduction Gear Unit- I1II
> More details of Housing comprising:
> Full Plan View
> Full Elevation
> Side View

> Some important details of the housing

e ©'* NPTEL ONLINE Prof. Rathindranath Maiti
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Development of Plan and Elevation of Assembled Gear Reduction Unit (Recapitulation):
Milimeter Inches
Height Width Height Width
| AD 1189 841 16.8 33.1
6310 \ 6309 6306 A1 841 594 331 23.4
! A2 594 420 23.4 16.5
. A3 420 297 165 117
| 200 N ° A4 207 210 117 83
7N N9 0 i 0 A5 210 148 8.3 5.8
N\ | AG 148 105 5.8 21
] A7 105 74 4.1 2.9
AB 74 52 2.9 21

N
+4
+
LU,

| IIT KHARAGPUR

Plan View of the Reduction Gear unit

(Only subassembilies of three shafts)
(in the plane of slide)

NPTEL ONLINE

Standard Drawing Sheet Sizes

CERTIFICATION COURSES

Typical Drawing

O=®

Angle of Projection

Scale: 1:1,1:2,1:2.5,1:5,1:10

ALL DIMENSIONS ARE IN MM
EXCEPT OTHERWISE MENTIONED
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Development of Plan and Elevation of Assembled Gear Reduction Unit (Contd...) :

ALL DIMENSIONS ARE IN MM
EXCEPT OTHERWISE MENTIONED
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Development of Plan and Elevation of Assembled Gear Reduction Unit (contd...) :

% 200 el 150 el
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ALL DIMENSIONS ARE IN MM
EXCEPT OTHERWISE MENTIONED
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Development of Plan and Elevation of Assembled Gear Reduction Unit (Contd...):

Plan

200

10—

635
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pr S

& =
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Side View

ALL DIMENSIONS ARE IN MM
EXCEPT OTHERWISE MENTIONED
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D

evelopment of Plan and Elevation of Assembled Gear Reduction Unit (contd...) :

Elevation

Side View
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174 ALL DIMENSIONS ARE IN MM
- > __|EXCEPT OTHERWISE MENTIONED
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Thank You
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o
Module-06

Design of a General Purpose
Industrial Helical Gear Reduction Unit- Part IV

Lecture-31

Detail Drawing of Intermediate
Shaft & First stage Gear
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Outline of the Lecture

> Recapitulation on Developed Plan, Elevation and Side Views of the
Reduction Gear Unit

> Detail Drawing of Intermediate Shaft
(Including Integral Second Stage Pinion)

> Detail Drawing of 1st, Stage Gear

. ' IT KHARAGPUR - NPTEL ONLINE Prof. Rathindranath Maiti
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— Plan and Elevation of Assembled Gear Reduction Unit :

( s ‘ 7N Pl I

| e - N7 IS N
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M= EELE UEES - =pehe e ALL DIMENSIONS ARE IN MM
L | \ o i EXCEPT OTHERWISE MENTIONED
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=] H ! + 11 | -—
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) Typical Drawing
p
|
E‘\_U
4 Scale: 11
e Angle of Projection

1 : Bl
[= ] } f L £ }1} = —tl|
ELEVATION ‘ 174 ALL DIMENSIONS ARE IN MM
oz EXCEPT OTHERWISE MENTIONED

NPTEL ONLINE
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Plan View of the Reduction Gear Unit (contd....) :

200 -l 150—=
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i RS
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T Scale: 1:1
1/ Angle of Projection

N [l N
P —T|\E/

ALL DIMENSIONS ARE IN MM
EXCEPT OTHERWISE MENTIONED
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Intermediate Shaft with Integral 2nd, Stage Pinion
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Dimensions of Gears and Gear Data Table : (Recapitulation):

The Gear Unit design problem is same as already considered. All data remain same except the
Second stage reduction ratio is reduced to 5.125. Overall transmission ratio is now 24.42,

Sl. Description 1st, Stage 2d, Stage

28 Pinion Gear Pinion Gear

1. Number of Teeth ( 7 ) 17 81 16 82

2. Tooth Profile 20° Full Depth Involute, Uncorrected

3. Normal Module (M ) 3 mm 4 mm

4, Helix Angle ( /) and Direction of Helix 11°28'42" 11°28'42"
RH LH LH RH

5. | Addendum Height, ( @, xm_ =1xm, ) 3mm 4 mm

6. | Dedendum Height, (d, xm_ =1.25xm, ) 3.75 mm 5 mm
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(Recapitulation):

Dimensions of Gears and Gear data Table :

Sl. Description 1st, Stage 2nd, Stage

e Pinion Gear Pinion Gear
1. Pitch Circle Diameter (mm) 52.04 24796 | 65.306 | 334.694
8. | Centre Distance (mm) 150 200

9. | Addendum or Tip Circle Diameter (mm) 58.04 253.96 | 73.306 | 342.694
10. | Dedendum or Root Circle Diameter (mm) 44.54 240.46 | 55.306 | 324.694
11. | Face width (b) 63mm |58 mm |68mm | 63mm
12. | Material EN19A | EN18A | EN19A | EN18A
13. | Hardness, Through Hardened (BHN) 350 300 350 300
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Detail Drawing of Intermediate Shaft with Integral 24, Stage Pinion
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1. ALL CORNERS (EDGES) CHAMFER (CHF) IS 1.5 x 45° FOR SHAFT DIA OVER & INCLUDING 50 mm,
AND 1 x 45° FOR SHAFT DIA BELOW 50 mm, EXCEPT OTHERWISE MENTIONED.
2, ALL SHARP CORNERS (EDGES) NOT SHOWN WITH CHF IS BROKEN WITH EITHER 0.5 x 45° CHF

OR 0.5 mm RADIUS.

3. ALL CORNERS IN STEPS HAVE 0.5 mm RADIUS EXCEPT OTHERWISE MENTIONED.

4. ALL DIMENSIONS AND SURFACES ARE FINISHED WITH GENERAL TOLERANCES EXCEPT
OTHERWISE MENTIONED.

5. ALL DIMENSIONS ARE IN mm EXCEPT OTHERWISE MENTIONED.
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Detail Drawing of Intermediate Shaft with Integral 24, Stage Pinion (contd....) :
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Detail Drawing of Intermediate Shaft with Integral 24, Stage Pinion (contd....) :
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Detail Drawing of Intermediate Shaft with Integral 24, Stage Pinion (contd.
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Detail Drawing of Intermediate Shaft with Integral 24, Stage Pinion (contd....) :

Details of Pinion
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Detail Drawing 1st. Stage Gear :
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Sl. Description 1st, Stage 2, Stage
No. Pinion Gear Pinion Gear
gy e 1. | NumberofTeeth( 7)) 17 81 16 82
2. Tooth Profile 20° Full Depth Involute, Uncorrected
— 3. | NormalModule(m, ) 3mm 4mm
H== 4. | HelixAngle( £ ) and Direction of Helix 11°28'42" 11°28'42"
RH  [LH LH |RH
5. | Addendum Height, ( @, xm, =1xm_) 3mm 4mm
‘ 6. | Dedendum Height, (d; xm, =1.25xm,) 3.75mm 5mm
7. | Pitch Circle Diameter (mm) 5204 | 24796 | 65306 | 334.694
A . 8. | Centre Distance (mm) 150 200
- 8 8 9. | Addendum or Tip Circle Diameter (mm) 58.04 253.96 | 73.306 | 342.694
— - T N — " N
Q S e 10. | Dedendum or Root Circle Diameter (mm) 4454 240.46 | 55.306 | 324.694
1 ©® 11. | Face width (b) 63mm |58mm | 68mm | 63mm
12. | Material EN19A | EN18A | EN19A | EN18A
13. | Hardness, Through Hardened (BHN) 350 300 350 300
| Scale: 1:1
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Module-06

Design of a General Purpose
Industrial Helical Gear Reduction Unit- Part IV

Lecture-32

Concluding Remarks on Conventional
Gear and Gear Unit Design
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Outline of the Lecture

» Plan, Elevation and Side Views of the Designed Reduction Gear Unit

» Concluding Remarks on Conventional Gear and Gear Unit Design
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— Plan and Elevation of Assembled Gear Reduction Unit :
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Plan and Elevation of Assembled Gear Reduction Unit :
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Design Steps (Recapitulation). :
>Selection of number of stages for a Total

Stan-l Transmission Ratio |, = i, X0, %....
Step-2 In_ next step gears are designed:
Module Estimation on Strength Basis:
n 2 2Tcosp

. ) n -~
Input Torque (Nominal): 3 Sva WYZ

T _ Power V C,

| 27T,

Materials for Pinion , Gear & Shaft
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Wear Load Capacity of Teeth Pair

27
In F =K Qg dppb » Q, canalsobe expressedas: Q =/ —2—
L, +Z,

Nowas d =Z m and d, =Z m then F, canalso be expressed as:
_ 27

|:W_ Kdepgb Where, Qp: W P

Z,+Z,
d,, =d, being the pitch circle diameter of gear.

_KQ,d,b KQ,dy,b

Cos [ Cos [
and d op are pcd of helical gear and pinion respectively.

In case of helical gear,

W

Where, d
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Probable Dynamic Load at Tooth Contact

Probable Dynamic Load Fd — Fn + |:i

Where, Fi is increase in load over the normal load.

Buckingham proposed a detail expression for Fi

considering the accuracy and manufacturing errors in gear.

F

However, F = —1 and1.15F, < F, are in common practice for designing
C, ordinary purpose industrial gear unit considering

infinite life of gears.
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Layout & Preliminary ) kvt
- - (Not taper roller
Bearing Selection (Contd.....) in this case).

Step 3to 5: o ————3.- /%

4
A H—1===" =
Roller Bearings: <=+ 9 — + 4+ — —. /,,-/._._-._.2/ ..... I I I L
J —I \.,_-// 7z | \ Considering
| i S P >_< \ bearing Wldths’
1_|t_‘> tq 25 mm _> 15to 25 mm
ical 10t0 15 mm [Typical) Typical
53<—f—_ | 50° o
- u L ,$ finally distances
are marked.
P
178
Layout of Interme

diate Shaft (Referring to Design Problem)
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Bearing Life Estimation 5!". Step (Contd...):

The Final bearing reactions:

Radial reactions are ==
not in same plane.

.__._l._.._._%_.- e :

Bearing Reactions (& Locking)

Resultant axial load may act only on one bearing irrespective of its direction
(i.e., direction of shaft rotation).
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Design Verification of Intermediate Shaft

Step — 6
Verification of Overall factor of safety at Critical Section
Then a factor of safety fS can be estimated using the following formula, which is based on

maximum shear stress theory under combined, bending, torsion and direct normal stresses.

S S 2 G, = Maximum alternating stress at
2 considered section due to bending.
2= llo +k. Lo, | +47; 2
f S -
S V en T = Maximum shear stress at

considered section due to torsion.
Where,

Sy = Yield strength of shaft material

Sen = Endurance strength of shaft material

K: = A factor considering the feature
of section and severity of service.

G, = Mean (average) stress at It is chosen considering on what basis
considered section due to axial load. cahaS been calculated.
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Development of Drawing (Recapitulation). :

Step-7
Layout of Shafts

Subassemblies (Including Bearings) of all Shafts

Step-8
Full Assembly - Plan view with top open

Elevation and Side views

Step-9
Detail Drawings of All components.

Step-10 Bill of Materials and Documentation.
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— Plan and Elevation of Assembled Gear Reduction Unit :
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